Abstract
INTRODUCTION
Communication during disasters increasingly relies on social media technologies. For example, Twitter played an important role in sharing information and organizing responses during the disasters caused by the Great East Japan Earthquake in March 2011 (Ogiue 2011; Tachiiri 2011) . In Twitter, users post brief messages of up to 140 characters. These messages called tweets are broadcast to the users' followers. Twitter users can also re-tweet others' tweets through a click of a button, allowing them to share, or forward, information with their followers and contribute to the far-reaching spread of information. People use social media technologies to not only acquire new information but also generate content. Given the growing use and participatory nature of social media, better understanding of people's behavior in such an environment is essential.
The work reported here contributes to the better understanding of the psychology behind people's decision to forward disaster-related messages in a social media environment. In particular, it tries to answer the following research question: How does people's perception of a disaster-related message relate to their decision to share it in a social media environment? Rumor psychologists have identified some perceptions including anxiety and importance that affect rumor transmission in faceto-face environments (e.g. Rosnow 1991) . Through questionnaires using actual tweets related to the Great East Japan Earthquake, the work reported here makes theoretical contributions by extending theories of rumor psychology to sharing of disaster-related messages in social media.
Better understanding of how people pass information in social media will be helpful for improving the quality of information in social media, which will in turn improve the use of social media for disaster management. One challenge in using social media during disaster response is that, although social media may allow people to obtain useful information and make sense of the situation (Cataldi et al. 2010; Demirbas et al. 2010; Doan et al. 2012; Jansen et al. 2009; Sakaki et al. 2010; Sankaranarayana et al. 2009; Sriram et al. 2010; Sutton et al. 2008) , social media can also facilitate the spread of inaccurate information (Castillo et al. 2011; Starbird et al. 2014; Tanaka et al. 2013) . In fact, in the aftermath of the Great East Japan Earthquake, false tweets confused people and interfered with the disaster response coordination (Inose 2011) . Realizing this, the Japanese government alerted people to unverified information on social media. Similarly, the Federal Emergency Management Agency (FEMA) created rumor control web sites for the 2012 Hurricane Sandy and the 2013 Oklahoma Tornado (FEMA 2012; . However, these rumor control techniques may not prevent individuals from spreading false information (Tanaka et al. 2013) . The results reported in the current paper will provide practical contributions by suggesting ways to reduce the spread of false information and increasing the proportion of useful information in social media during disaster response.
Why Extend Rumor Research?
Previous work on rumor psychology has revealed that people spread rumors during responses to disasters (e.g., Prasad 1935 Prasad , 1950 Sinha 1952) . A rumor is unverified information in times of uncertainty that is relevant and seems useful to understand the situation and manage risk (Allport & Postman 1947; DiFonzo & Bordia 2007; Rosnow 1991; Shibutani 1966) . Similarly, the messages related to the Great East Japan Earthquake used in the work reported in the current paper appeared in uncertain times and were unverified and relevant. Table 1 shows the four main topics of the current article: the role of (1) perception in the (2) sharing of (3) disaster-related information in (4) social media. Table 1 also shows the topics considered by three areas of research that focuses on information sharing. Most research on online social networks has considered information sharing in social media but has not integrated the role of perception in information sharing and has not covered disaster situations. Research on trend development has considered the role of perception in the sharing of social media messages but tends not to focus on disaster environments. In contrast, most research on rumor psychology has focused on the role perception plays in the sharing of disaster-related rumors but not on social media environments. Research on trend development that considers perception typically focuses on arousal and valence, which are two main measures of feelings (e.g., Berger & Milkman 2012; Heath 1996) . In contrast, work on rumor psychology includes a wider range of perceptions that are applicable to disaster environments. For this reason, the work presented here extends research on rumor psychology to a social media environment in an attempt to better understand how people's perception of disasterrelated tweets relates to the sharing decisions. Thus the review will focus on past research on rumor psychology.
Review of Rumor Psychology
Based on their analysis of the spread of rumors after WWII, Allport and Postman (1947) proposed that rumor transmission was a function of the importance of the rumor to the person multiplied by the ambiguity of the evidence pertaining to the rumor. Importance relates to how relevant, significant, and consequential the rumor is. Ambiguity is how uncertain the information carried by the rumor is due to the surrounding context.
Later, Anthony (1973) introduced anxiety as another key element in rumormongering. In school settings, anxious students were more likely to report that they heard a rumor (Anthony 1973 ) and that they passed on a rumor (Jaeger et al. 1980) . Moreover, how anxious people felt after reading a rumor predicted how likely they were to share the rumor (Rosnow et al. 1988) . Following Rosnow et al., in the work reported here, anxiety means how anxious, worried, or concerned a person becomes after encountering a message. Jaeger et al. (1980) and Rosnow et al. (1988) also showed that people were more likely to share a rumor when they believed the rumor to be more accurate or true (see also DiFonzo & Bordia 2007; Li & Sakamoto 2013; Rosnow 2001 ).
Rosnow (1991) combined these findings and extended the model of rumor by Allport and Postman (1947) . He proposed four factors behind rumor transmission: uncertainty of the situation, relevance of the rumor to the person, anxiety associated with the rumor, and trust in the rumor based on its perceived accuracy. Of these four factors, uncertainty and relevance are akin to ambiguity and importance in the Allport and Postman model, and anxiety and trust are new additions that are absent in the model.
In addition to the four factors identified by Rosnow (1991) , the perceived familiarity and informativeness of messages can also predict rumor transmission under some conditions (DiFonzo & Bordia 2007) . For example, increasing the familiarity of a message can increase its perceived truth (Hawkins & Hoch 1992; Hawkins et al. 2001) , and people are more likely to spread rumors that they believe to be true (DiFonzo & Bordia 2007; Li & Sakamoto 2013; Rosnow 2001) . People are also more likely to share a message that they believe to be informative, because they want to help others by passing on useful information (DiFonzo & Bordia 2007 ).
Several studies have tested the proposal from work on rumor psychology in social media environments (Kwon et al. 2014; Oh et al. 2010; Spiro et al. 2012; Tanaka et al. 2012 ). For example, Spiro et al. (2012) analyzed tweets about the Deepwater Horizon oil spill in 2010 and concluded that perceived importance was a key element of rumormongering based on their observation that an event with high media coverage was more likely to be re-tweeted. Tanaka et al. (2012) asked Japanese subjects how important, accurate, anxiety provoking, and familiar they thought given rumor tweets related to the Great East Japan Earthquake were as well as their intent to share the tweets. They found that familiar tweets were perceived as more accurate, as in the past work (e.g., Hawkins & Hoch 1992) , but, inconsistent with the past findings from rumor research, they found that only the perceived importance of a tweet had a significant positive relation to Japanese people's intent to share the tweet. The current work aims at gaining deeper understanding of the extent to which perceptions that past studies have identified to be related to rumor transmission also apply to information sharing on social media.
Another perceptual factor, which has not been extensively researched in relation to information sharing, is fluency, or the ease of processing information. The feelings-as-information theory (see Schwarz & Clore 2007 for a review) proposes that fluency can influence various judgments, including people's perceptions of truthfulness (Begg et al. 1992) , effortlessness (Song & Schwarz 2008) , risk (Song & Schwarz 2009 ), intelligence (Oppenheimer 2006) , and liking (Reber et al. 2004 ). For example, in the Song and Schwarz (2008) studies, subjects thought that the instructions for exercise routine and Japanese roll recipe written in an easy-to-read font type would require less effort to follow than the same instructions written in a hard-to-read font type. Similarly, people may like the same message better and find it more believable in an easy-to-understand form than in a hard-to-understand form. Fluency might affect people's perception of messages in social media and their intention to share these messages.
Hypothesis
Of the factors reviewed previously, importance, anxiety, accuracy, familiarity, informativeness, and fluency are perceptions of disaster-related messages. Uncertainty is a characteristic of the situation or the context. Thus, the work reported here considers the following hypothesis: people are more likely to share a message in a social media environment when they perceive the message as more important, accurate, anxiety-provoking, familiar, informative, and fluent.
METHOD
The study involved two questionnaires for obtaining people's perceptions of actual tweets discussing the disasters caused by the Great East Japan Earthquake and their likelihood of sharing the tweets.
Subjects
Fifty-one workers of Amazon's Mechanical Turk (https://www.mturk.com) completed the questionnaire asking their likelihood of sharing a given tweet. There were 30 women and 21 men. Their average age was 36. Forty-three workers who did not participate in the questionnaire on sharing completed the questionnaire asking their perceptions of a given tweet. There were 21 women and 22 men. Their average age was also 36. All subjects were residents of USA. The use of two questionnaires to separate the sharing from perception was to keep subjects from explicitly thinking about perceptions when rating the sharing likelihood. The recruitment of subjects ended when each tweet resulted in the pre-specified number of responses. This procedure, detailed in Procedure, determined the total number of subjects in the two questionnaires.
Materials
The stimuli were 200 English tweets related to the Great East Japan Earthquake, collected from Twitter on March 5 th , 2012. Past work has reported a strong correlation between English and Japanese tweets discussing events related to this earthquake (Doan et al. 2012 ). The first step was to identify Twitter users who communicated information about the disasters using Twitter. The second step was to collect all of their tweets uploaded after March 11 th , 2011 when the Great East Japan Earthquake happened. The next step was to identify relevant tweets by searching the following five keywords: earthquake, tsunami, nuclear, Fukushima, and radiation. The last step was to randomly sample 200 tweets that were unique and were not re-tweets. Figure 1 shows one of the tweets in a text box. The questionnaire on sharing asked subjects to rate the likelihood that they would share a given message on social media.
Procedure
Subjects completed the questionnaires online through Amazon's Mechanical Turk. A few research groups have shown that researchers can collect high-quality data from Mechanical Turk (e.g., The procedure in the current work followed their recommendations. Figure 1 shows an example webpage that subjects saw when completing the questionnaire on sharing. Subjects indicated their responses by clicking a value on a scale of 1 to 7, where 1 indicated not at all likely to share and 7 indicated extremely likely to share. Figure 2 shows the main part of the questionnaire on perceptions, in which subjects rated how familiar, accurate, informative, important, fluent, and anxiety provoking they thought a given tweet was.
Figure 2.
The questionnaire on perceptions asked subjects to rate how they felt after reading a given tweet. The questions were based on the definitions used in the past studies on rumor (see DiFonzo & Bordia 2007) and fluency (see Schwarz & Clore 2007) .
After submitting their response, subjects had an option to rate another tweet, which was randomly selected from the available sample. A subject could rate the same tweet only once but could continue to rate different tweets that still needed ratings. Data collection ended when each tweet had ten ratings. Subjects received one cent for each tweet they rated. This amount was based on the finding that increasing pay would not change the quality of responses (Mason & Watts 2009 ).
The study reported here took place in April 2012, 13 months after the earthquake hit Japan. All subjects were residents of USA when they participated in the study. The disasters that followed the earthquake were unexpectedly severe and involved worldwide concerns including nuclear plant failures and resulting radiation leaks. Consequently, one year after the earthquake, people in USA were still posting messages related to the earthquake on Twitter, and the event was still fresh in people's minds, especially those of residents in Japan. Examining the sharing behavior of people in USA is important because messages on social media can have worldwide influence. In fact, one message re-tweeted from London resulted in saving the lives of children isolated at a school during the disasters caused by the Great East Japan earthquake (Inose, 2011) .
RESULTS
The analyses were based on seven scores associated with each of the 200 tweets: sharing and six perceptions. Each score was the mean of 10 ratings from 10 individuals. All ratings from all subjects were included in the analyses.
Overall Pattern
Each histogram in Figure 3 shows the frequency distribution of scores for a variable. For example, the histogram on the bottom right corner shows the frequency of tweets that are associated with a specific range of scores for the likelihood of sharing. Each bar is for a range of sharing scores indicated on the horizontal axis. The height of the bar indicates the frequency of tweets, and the sum of the frequencies indicated by all bars is 200 because there are 200 tweets. The histogram for sharing revealed that the likelihood of sharing ranged from about 1.5 to 6. The mean likelihood of sharing the 200 tweets was 3.58, slightly below the middle of the scale.
The histograms for the six perceptions indicated that the messages tended to be relatively high on accuracy (mean = 4.73) and fluency (mean = 5.36) as suggested by the shift of distributions toward the right side, relatively low on anxiety (mean = 2.76), familiarity (mean = 2.72), and importance (mean = 3.11) as suggested by the shift of distributions toward the left side, and relatively average on informativeness (mean = 4.18). The 200 tweets varied in the scores for the six perceptions as well as for sharing, making correlational analyses meaningful.
Relationship between Perception and Sharing
The main focus of the work presented here was to test the hypothesis that people are more likely to share a message in a social media environment when they perceive the message as more important, accurate, anxiety provoking, familiar, informative, and fluent. Figure 3 shows the Pearson's correlation coefficient between each of the six perceptions and sharing as well as an associated scatterplot with a regression line. Consistent with the hypothesis, the six perceptions all had significant positive relationships to the likelihood of sharing: messages rated as more important, accurate, anxiety provoking, familiar, informative, and fluent were also rated as more likely to be shared. 
Predicting Sharing from Perception
It would be useful to be able to predict the spread of new tweets based on people's perceptions of the tweets. An initial step is to test if a regression model can successfully fit the observed data. Table 2 shows the results of fitting a linear regression model to the likelihood of sharing, with the six perceptions as predictors. As predicted, the regression model was significant, F(6, 193) = 17.29, p < .001, with adjusted R 2 of .33, indicating that the model as a whole has a predictive power and that the six perceptions were all related to the likelihood of sharing. Only anxiety and fluency show significant estimates in Table 2 because of the multicollinearity of the six perceptions as mentioned previously. Using people's perceptions of a new tweet, it would be possible to predict the extent to which the new tweet would spread. 
DISCUSSION
The results from questionnaires using actual tweets related to the Great East Japan Earthquake suggested that people's perceptions of disaster-related tweets could relate to their sharing of these tweets. In particular, perceived accuracy, anxiety, familiarity, importance, informativeness, and fluency of disaster-related tweets appear to positively relate to people's decision to share these tweets, and these perceptions may be able to predict the spread of disaster-related tweets. The study reported here extended past research on rumor psychology, and the findings could provide useful information for improving the use of social media during disaster management. The remainder of this section consists of discussion of theoretical and practical implications and consideration of limitations and future directions.
Theoretical Implications
The results presented in the current paper suggest that the basic law of rumor transmission and its extension developed in the rumor psychology literature apply to the sharing of disaster-related messages in a new environment, social media. In addition to accuracy, importance, anxiety, familiarity, and informativeness taken from past work on rumor psychology, fluency was a strong predictor of sharing. This finding implies a new extension to the basic law of rumor: perceived fluency, or ease of processing, may play a role in rumormongering. The work reported here also complements research on revealing the relationship between the structure of online social networks and the spread of information and behaviors (e.g., Aral et al. 2009; Aral & Walker 2011 Cha et al. 2010; Fang et al. 2013; Huberman et al. 2009; Kwak et al. 2010; Leskovec et al. 2007 ). Moreover, it adds to research on predicting the spread of information based on its content (e.g., Asur & Huberman 2010; Bandari et al. 2012; Ha & Ahn 2011) .
Practical Implications
The results of the work presented here may be useful for the development of recommendations for the design and use of social media technologies during disaster response management. To deal with the spread of unverified information during responses to disasters, one potentially effective solution may be to ask the crowds to report on their perceptions of disaster-related tweets and flag the ones that are likely to spread. Among the flagged tweets, unsubstantiated ones should be closely tracked to reduce the spread of potentially inaccurate information.
On the flip side, government agencies and media need to spread warnings and instructions during disasters. The current results suggest that people will share warning messages more when they perceive the messages as accurate, easy to understand, important, informative, familiar, and anxiety provoking. Although it is not easy to control all of these perceptions, some may be easier. For example, citing a credible source may increase perceived accuracy, and writing simply will contribute to the ease of processing.
The key message here is that designers and users of social media as well as government officials should be aware that perceptions or feelings like the ones examined here may be able to predict the spread of information on social media. Ideally, users of social media will remind themselves that misinformation abounds during disasters and that they need to turn on their analytic thinking mode and refrain from making quick decisions. However, slowing down and engaging in analytic thinking during stressful situations will not be easy (e.g., Ecker et al. 2010; Lewandowsky et al. 2012; Tanaka et al. 2013) . Then, designers of social media should take advantage of people's reliance on feelings to make snap decision. Designers may consider an option of introducing a disaster mode, in which feelings are primed to either curb or facilitate the spread of information. More work is needed to identify how to prime feelings and what the effect of such priming may be (see Chen & Sakamoto 2013; .
Limitations and Future Directions
One limitation of the work reported here is the use of residents in the USA only. All of the subjects were far from the disaster center. Examining information-sharing behavior of people who are far from disaster center is important because messages from these people can actually save lives (cf. Inose 2011). However, the current results may or may not generalize to the behavior of people in the disaster center. Persons in a disaster center may perceive and react to information differently from those who are far from the disaster center (cf. Chen & Sakamoto 2013) . In addition to the distance to the disaster center, differences in culture and socioeconomic status may play a role in shaping behavior. There are a few studies that have examined the information sharing behavior of Japanese residents (e.g., Tanaka et al. 2012; . Conducting surveys and interviews to obtain more information about the respondents' experiences and observations will be useful to gain deeper understanding of the psychology behind the sharing of disaster-related tweets.
Another limitation is the artificial nature of the work reported here. Some features of the real social media were missing. One such feature was the structure of the social network. In Twitter, for example, users follow other users, and this structure can no doubt play a role in sharing behavior (Aral & Walker 2011) although its role may be modest (Watts & Dodds 2007) . For example, having many followers does not always translate to generating many re-tweets (Cha et al. 2010) . The work reported here coupled with research examining the effect of social network structures on sharing behavior (e.g., Aral et al. 2009; Aral & Walker 2011 Cha et al. 2010; Fang et al. 2013; Huberman et al. 2009; Kwak et al. 2010; Leskovec et al. 2007 ) will be able to improve the understanding of the spread of information in social media.
Source of information and collective opinion were also features available in Twitter but missing in the study presented in the current paper. Past research suggests that these features may play important roles in information sharing. For example, Oh et al. (2010) , who analyzed the source credibility of tweets related to the Haiti Earthquake, concluded that having a credible source could play an important role in reducing the anxiety level of Twitter users, which could in turn curb the spread of rumors. Research on social influence has found that people often use collective opinion, such as the total number of downloads (Salganik & Watts 2008) and the average rating (Sakamoto et al. 2009 ), when making their own decisions. It would be useful to further examine whether or not citing a credible source and whether or not exposure to re-tweet count could change people's perceptions of and decisions to share a disaster-related message in social media (see Li & Sakamoto 2013; Tanaka et al. 2014 ).
Concluding Thoughts
One challenge in using social media during disaster response is that the information that can help save lives is buried under a sea of other information and misinformation. Studies like the one reported here, which advance understanding of factors that influence people's sharing of information on social media, can be fruitful for the development of techniques to prevent the spread of false information on social media and make it easier to find actionable information during disaster response. We believe that continued work in this area will contribute to our society and our future by making social media more effective for disaster management.
